The corpus callosum (CC) is a bundle of approximately 180 million axons connecting homologous areas of the left and right cerebral cortex. Because CC projections are topographically organized, regional CC morphological abnormalities may reflect regional cortical developmental abnormalities. We assess the variance characteristics of three CC area measurement techniques by comparing a single midsagittal slice versus three slices (midsagittal plus one parasagittal on each side) and five slices (midsagittal plus two parasagittal on each side). CC images were partitioned into five subregions using the Hofer-Frahm scheme under the three methods and variance was examined via two complementary data sets. In the first, to control for intersubject variability, 12 scans were acquired from a single subject over the course of 3 h. In the second, we used scans from 56 healthy male volunteers between the ages of 10 and 27 years (mean ¼ 17.47, S.D. ¼ 3.42). Increasing the number of slices from one to three to five diminished the coefficient of variation (CV) within subregions and increased the power to detect differences between groups. A power analysis was conducted for the sample under each method to determine the sample size necessary to discern a given percent change (delta) ranging from 1 to 20% iteratively.
Introduction
The corpus callosum (CC) is a bundle of approximately 180 million myelinated axons connecting homologous cortical regions of the left and right cerebral hemispheres (Tomasch, 1954) . In a body of work containing over 300 publications, the size, shape, and/or developmental trajectory of the CC have been examined with respect to age, sexual dimorphism, and cognitive/behavioral correlates in typical and atypical development (Giedd et al., 2006) .
Manual morphometric studies of the CC have typically reported the area of a single midsagittal slice. However, CC area measures may vary substantially with only slight changes in the angle of the chosen midsagittal slice or even as a result of within-scanner measurement drift (Takao et al., 2011) . In this report, we examine the benefits of including parasagittal slices to decrease measurement error and increase power to detect group differences.
Methods
Our study consisted of two parts: (i) a single subject analysis in which repeated measures were used to compare variance across techniques, and (ii) an analysis of the power of each method to detect given percentages of betweengroup differences. All images were T1-weighted SPoiled Gradient Recalled echo (SPGR) pulse sequence collected on a 1.5 T scanner (GE Signa). Image volumes consisted of 124 1.5 mm-thick axial slices with an in-plane resolution of 0.9375 mm 2 , TR¼24 ms, TE¼ 5 ms, and a flip angle ¼451. Scan duration was 10 min. Images were manually rotated into a standardized space using MIPAV's (Medical Image Processing, Analysis and Visualization, version 4.3.1; http:// mipav.cit.nih.gov/) protractor alignment tool. In the axial plane, the posterior and anterior points of the longitudinal fissure were brought into vertical alignment such that the angle of deviation between the points was zero. In the sagittal plane, the deviation angle between the anterior-most and posterior-most points of the CC was set to zero. Similarly, in the coronal plane, the deviation angle between the medial-posterior pons and the superior-most point of the longitudinal fissure was set to zero. See Fig. 1 for an illustration of the spatial standardization procedure.
Measurement schemes
Three manual measurement methods were compared: (i) a single midsagittal slice; (ii) the midsagittal slice with two additional parasagittal slices (one on either side of the midsagittal); and (iii) the midsagittal slice with two parasagittal slices from either side, lending five total slices to the measurements. We denoted these methods V1, V3 and V5, respectively. Thus, V3 included the V1 slice while V5 included V3 and V1 slices. Fig. 2 illustrates the three methods. Manual tracing of the CC was performed using MIPAV by two trained raters (BW and MM) with high intra-rater (both ICC40.95) and inter-rater (ICC40.9) reliabilities. We used the Hofer-Frahm guidelines (Hofer and Frahm, 2006) to partition the CC into five subregions across each slice included in the schemes, using an automated in-house MATLAB (http://www.mathworks.com/pro ducts/matlab/) program.
The Hofer-Frahm guidelines group White Matter (WM) bundles that traverse the CC into five vertically divided partitions along the anterior-posterior length of the 
